in a range of foods, juices and pharmaceutical products using immunoaffinity clean-up and high performance liquid chromatography with UV detection. 
14
B12 and foods that are produced for vegans, such as soya products are often fortified voluntarily,
15
as foods from plant sources do not contain vitamin B12.
17
Although the biologically active forms of vitamin B12 are methylcobalamin and adenosylcobalamin, 
24
Vitamin supplements are widely used and manufacturers are required to test premixes and 25 finished product to confirm vitamin B12 levels. Also food and drink manufacturers are obliged by 26 law to determine the vitamin B12 content of a range of fortified commodities for process control 27 purposes and to enable accurate labelling.
29
Currently the determination of vitamin B12 in food products is routinely carried out by means of the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
30
Prior to analysis it was critical to consider the saturation of the immunoaffinity column and the LOQ 31 of the HPLC-UV system; hence the optimum amount of vitamin B12 loaded onto the 32 immunoaffinity column should be within the range of 0.1-1.5µg. A 5-30g test portion of sample
33
(depending on label claim) was mixed with 100 ml of 50 mM sodium acetate buffer (pH 4.0), 1 ml 34 potassium cyanide (1%), 0.5 g α-amylase and 2 g pepsin for 10 minutes. The sample was 35 transferred to a shaking water bath set at 37 °C for 30 min followed by a further 30 min incubation 36 in a 100 °C shaking water bath. After cooling, the sample was filtered through a Schleicher & 
2
A 5-15 ml aliquot (corresponding to 0.1-1.5 µg vitamin B12) of the sample extract was passed 3 through the column followed by 10 ml of water to wash the column. The vitamin B12 was eluted 4 with 3 ml methanol and subsequently evaporated to dryness by heating (50-60 °C) under a stream 5 of air and reconstituted in 300 µl of 0.025% TFA in water. When analysing infant formula the 6 sample volume applied to the column was restricted to ≤5ml as method development 7 demonstrated a decrease in vitamin B12 recoveries when applying volumes greater than 5ml. A 8 mean recovery of 99% (RSD r =0.71%, n=6) was obtained when 5ml of infant formula extract was 9 applied to the column, the recovery decreased to 88% (RSD r =3.22%, n=6) when 10ml was 10 applied and 78% (RSD r =3.57%, n=6) when 15ml was applied.
12
Analysis of vitamin B12 content in carbonated soft drinks and fruit juices
14
Sample preparation
15
Carbonated soft drinks were degassed by placing the sample in an ultrasonic bath for 10 min and
16
upon removal adjusting the pH to 7.0 with 1M sodium hydroxide solution. For fruit juices, the pH 17 was adjusted to 7.0 with 1M sodium hydroxide solution and centrifuged for 10 min at 4000 rpm.
18
Subsequently the supernatant was filtered through glass microfibre filter paper (GMF2, Satorius).
20

Purification of vitamin B12 from carbonated soft drink and fruit juice extracts
21
A 20 ml-100 ml aliquot of sample (corresponding to 0.1-1.5 µg vitamin B12) was passed through the immunoaffinity column. The column was washed with 10 ml of water and the vitamin B12 
30
The sample was ground to a fine powder with pestle and mortar. An amount of tablet containing 31 the equivalent of 2.5 µg vitamin B12 was dissolved in 100 ml water and placed in an ultrasonic 32 bath for 15 min. A 1 ml aliquot of the extract was made up to 1 litre with water in a volumetric flask.
33
The pH of the diluted extract was then confirmed to be between 4.5 and 7. If the pH was greater 34 than 7, it was adjusted to within range using citric acid. If the pH was less than 4.5 the sample was 35 discarded and re-extracted using phosphate buffered saline (PBS). Samples were analysed using a Dionex HPLC-UV system equipped with Chromeleon software, a 9 UVD 170U/340U detector, a P680 gradient pump, a TCC-100 thermostatted column compartment 10 and sample injections of 100 µl were made from an ASI-100 autosampler (Dionex, CA, USA). The 
37
36
At the preliminary stages of method development, the effectiveness of methanol and acetonitrile
37
as elution solvents for releasing bound vitamin B12 from the immunoaffinity column were 38 
35
(1982) demonstrated more efficient extraction of vitamin B12 when the sample was autoclaved for 36 10 min at 121 °C rather than heated on a boiling water bath for 10 min. However when autoclaved
37
Brand 1 Plus Infant Formula as described the recovery of vitamin B12 was found to decrease. 
20
For the wheat flake sample 107% of the declared level (1.7 µg/100 g) was obtained with RSD r of 4.4% ; this is within ± 15% of the declared value and complies with EU legislation (European 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
3
Commercially available carbonated energy activation and rejuvenation drinks containing 0.1 4 µg/100 ml vitamin B12 according to the label claim were also tested. The drinks were found to 5 contain 0.11 µg/100 ml and 0.95 µg/100 ml respectively (Table 3 ). In order to obtain an indication 6 of column capacity, the activation and rejuvenation drinks were spiked with an additional 2 µg/100 7 ml and 15 µg/100 ml or 20 µg/100 ml vitamin B12. Recoveries of vitamin B12 from activation and 8 rejuvenation drinks spiked at 2 µg/100 ml were 95% and 99% respectively with 0.4-0.6µg vitamin
9
B12 being applied to the immunoaffinity column. In addition when the drinks were spiked at very 10 high levels (20 µg/100 ml or 15 µg/100 ml) the recoveries were 85% and 84% with 3-4.5 µg
11
vitamin being applied to the column. Hence the capacity of the column (defined as that level where 12 recovery is equal to 70%) exceeds 4.5 µg. It should be noted the performance of the column could
13
be affected by more complex matrices especially at levels of vitamin B12 close to column capacity.
14 Therefore for assessment of routine samples the recommended maximum amount of vitamin B12
15
applied to the immunoaffinity column should not exceed 1.5 µg. In addition, the dilution of 16 activation and rejuvenation drinks with PBS prior to passage through the column resulted in a 3-
17
4% increase in recovery. This was not significant and therefore a change to protocol was not 18 recommended in this instance but dilution of sample with PBS may be used to greater effect when
19
analysing more complex matrices.
21
To challenge the immunoaffinity column with samples containing low levels of vitamin B12 (<0.14 µg/100 ml) four types of fruit drinks (apple, orange and peach, blackcurrant and apple, and 23 strawberry juice) were analysed and the vitamin B12 content quantified (Table 3 ). The innate level
24
of vitamin B12 in the fruit drinks was not declared. Therefore, to determine a percentage recovery 25 of the vitamin, the fruit drinks were spiked with 1 ug/100 ml vitamin B12 and recoveries in the 26 range of 78 -86% were obtained (Table 3) .
28
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